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mm*] wmm 

tzMfo-t z> $ y * * sr© y ^ j mun z tm -r & r n , 

(ii) (i) T*ktmLt=.T $ ;mmmzMm-tz>. nay $s mm 

(iii) (i)T*J£$cL£#>A?lttf> 1 otCfc^T, ^tf) 7 ^ J ME#|if0 7 ^ ^ 

o 
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[0 0 0 2] 

^ tc^ii l r m ^ *i & r ^ j wmmt <Dftm & #^ ic l t is ft 2 n & r t v * 

v*T»f»tti&tf#LTl*&*i3i&f£j£U ^0><fc 5 fc«3i& £ »J <fc o Kim 

^^---^(IPMDH)^^ne3 4xT^3 y , Thermus thermophilus HB8CDIPMDHICO it 
^(D&{$Mig:-tfmb-frlZ£nX^£ (K.ImadaP^ J.Nol.Biol. 222,725-738, 19 

91). lPHDK£M®L<DMMMm. T^JMm&U ftftm&*m*&*yrt9 

^ - a ( icdh) e> nt <^ § „ 

[0 0 0 3] 

[$6w#»& u J: e> t ~tz mmi 

[0 0 0 4] 
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*»W#e>ti, ^-X(Woese)e>tCJ:.oTaKStlfel6srRNAJC«I:S*jK« (Ell 
) *%Z>h. 80 o CJ^J:T'M^i^C^W•t•5^«7T:^C#V^z:^^$4^TV^Si: 

>A?m*Mizw}m&tffa±LT^2>v&zo t^sicSot. fit, me 

Ate, >^^jStS:®tf-, »3gi-S&«)tctt, &m&G>* M<Z>m 

[0 0 0 5] 

(ii) (i) T?ifc«cL&7$ ^M^j{C^-r§. fflftM* > A* «(Z)7 * J WM 

(iii) (i)-pibf(bfef>/^jt(iD i oic^vm:, *<dt^ j MB#|tF©7 3 J 

* ( i i ) x*m& l fc'ffl5fcs! * > a * tp <dm fa -t & &m<D mmm n it 

[0 0 0 6] 

[#§0J!©|j|S£<Z)7M] 
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s^ttA¥t5z:i:^t^s 0 M*J£> clustaw, puzzle, molphy, phylip^cz) 

£ (HI) . ftfitli, ^-X^lC £oTlliiI£4l£l6S rRNACD^-^-tCH^K^ 
[0 0 0 7] 
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jmmn. K^>r>*3t, &<bm&^<D^?nfriu±(D&i: ; m®LLT^z>zy 

TzffrT^-iy^y h~*SmT*2b&-ffi<D$ >rt99ttfii£&tl& a 3*1 e><Z)|wI-:7 
[0 0 0 8] 

? mzmzmfeznte^tf, &<<D£mm^t>fr^T&&-tz>#y^>7ntf% i $. 

#HtCffi*L/fe^.;i/7*n^sp.7lS(Sulfolobus sp. strain 7)0) IPMDH, ICDH& 
W ZL©atfc(Z>IPMDH£l2- K-rSJfte^ttSuzukibtCfc-aT 

#n- — ^yStlTWSfcOTf&S (T. Suzuki J. Bacterol. 179(4), 1174 
-1179, 1997) „ 

[0 0 0 9] 

»e>*ifctt»(o^«ia^e>©r ^ yM^j^T^^^^r^-r^ > h (#11 
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h Kit&mmmtfi&izmm znx^zztttev, z&mm&minmzmm v& 
r^^y^yh^n^or^^izit<pf£<t^3m^^mmi)^(Dmm^mm-t^ 

[0 0 10] 

tf. Young, Z., Kumar, S. fcNei.M, Genetics 141, 1641-16510, 1995, Stewart 
, C.-B. Active ancestral molecules, Nature 374, 12-13,1995, >K#lE5pJ 

^ti, **tjS$J&©-ft;fo »J (C*;fci£ (Maximal likelihood method) ' i: 

fc^fcgXB^n^APROTPARS (PHYLIP(C^-^tlS) fcSfrjJBBTffiTf&S. 

[0 0 1 1 ] 
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mmzftm-tz (H3) „ r<z>s#, «^.««^«f*!ii£jcj:*itf^3Hi«s^-&-r 

[0 0 12] 

04(C^a^r©^#JCDI PMDHtf) X ;i/ 7 n "f 7. sp . 7ffi <D 1 52#^S fC ttfo "f £ 7 ^ 
OJjg^T?asS4xa) ^/b7#n^sp.7«cl52#^flllC*f-|S'rST5 J 

[0013] 

i:Mt5 3i:^t'tS a ~<z>«fce>K:LT. iifttttcils, EPt>, S^T^M^ 
M<£>7 ^ J i:ti^-r^^ £#t*££ 0 H4tii, n:/;*sp 
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. im i52#fiie \z ftfo •* & ffi^M y ^ j m&& itRx- & & t mfe £ n x v ^ s . 

[0014] 

xkmmtomietf&ikL. tntm^xm^^m^my^ 

m*mffi.?Z>Z.£.lZ£'DX&;fe'?Z>Z.£.*>ffiX£Z> 0 
[0 0 15] 

[0 0 16] 
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^T*^-5o *<dmm. ffl^sr ^ ; i^s*^^ t- ^ s i: e> ^ e> ^<dy^j 

-5 afc^ © £ #> fc f a# -T £ o 

[0 0 17] 

tSii&WSi tic <fcoT?T&c> ifc*«-e#So amuc r^y^e 
ftfflllft^JI^A & o T *> «fc 
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[0 0 18] 

lf» Sambrook et al., 1989, Molecular Cloning: A Laboratory Manua 

1, Second Edition (1989) Cold Spring Harbor Laboratory Press, Cold Sprin 
g Harbor, New York % F.M. Ausubel et alo.(eds), Current Protocols in Mole 
cular Biology, John Wiley & Sons, Inc. (1994)^ £#Bg-T £ Z. £ tfU £ £ . 

[0019] 

&3EaH5^ £ $ H Z> tc & KL&&tefflfflm#i & ;£ L fc^^ * # - ic <D 
£ ,$B e jfflSI A. DNA#^ fWJ:^^ 

<*H&;nTfc*;, #<©fi-'<i' ^-^^iSflRWJCA 
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[0 0 2 0] 

«/*3t5i^#Tt5. ^^bHUR-rsS-^^tt, S^IICkoTiftS: 
i: -T -5 * > A° ? ft tfMBI tc 5 ttS & ^ "f & tt, & #® *S<£3W & 

[0 0 2 1] 

y yrt9Ht£. LT PIERCER (DBCA Protein Assay Kitfc^JB btl^t 

&ISt53i:iaoTMt5it^T'tS 0 MA-li, IPMDH(D^ttJ^T© 
•fc^tCLTaUfe-TSifctf-e^S. 7>yt^;t>y77- (50mM CHES/KOH. pH9.5 
, 200mM KC1, ImM NAD, 0.4mM IPM, 5mM MgCl2) £-fe;WC A*K 75°CX 

Ii¥t5. -£<Z>^75°C{C*if*U NADH©if}&nS:340nmK:fe^S3!l^©lR^SJC 
<fcoTaU^f'5o IPMDH©ittS1£W:, 1 4)" Bate 1 V>f ^ n^;i/(Z)NADH££ 

f&-T£?S'K£lU (my S) £U Jt*Stett*>A*Klmg&&*;0>rL- y h (U) 
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[0 0 2 2] 

mmwi 

(1) *mmm 

CJ236 : UssDNASMBJgJCteJgOfc. H^-if^dUTPasefc^JSL 
MC1061. JM109 : &&¥&ifi?<Dm££ LTJB^fc. 

MA153 : IPMDH*i$&3B©;fc«>©lt£fc LTJB^fc. leuB&&«fs-e&&. 

(2) i&ifi 

l%NaCK 1.5%^.. ^StC/SCTT >tTS/U > 5:100 # g/mlgsflD b £ 0 

M9^^igi& : lxM9fi, ImM MgS0 4 . O.lmM CaClg, 0.001%^T^>, 0.2% 

i.5%3S£3£. ^®®JMi09©zr>t o ^> N*;W£S3©B&K:ftffiOfc. 

2xYT^« : 1.6%,** h h U ^ h 1.0%/\** h-f-;* h:n3px Y^V h 
, 0.5%NaCl o ^»S©?ll[#«F#JC^Mbfe. &5StCJ5S£TT>fcr5/y >&100# 
g/ml^[Ibfeo 

(3) IPMCD?S<ffiM£ 

490 # 1<£>T y-fe-f Ay 77- (50mM CHES/KOH. pH9.5. 200mM KCL ImM NAD. 
0.4n»M IPM, 5mM MgClg) &i?;WC 75TC "T? 5 #19^ > ^r^"*- ^ 9 > 1/ fc. 

^tcmjt ©«SIC»»I L/ fc#SS*8t & 10 /i lfltJXig < U fc. ^©^75X: IC«| 
#U NADH©*tin*340niBK:feJ , tSSI^^©lR3tSK:«fcoT?WSUfe. 
[0 0 2 3] 

HifeM 1 . ^;i/7^-n^sp. 7«;^e>g)ffijfeS!IPMDHg>«gi 
(1) ^^S/^l*^DNA(UssDMA)©a$Sf 

*B§ffiCJ236tf> zr > h -fe ;WC 1 euBfgJg ^ ^ * ^ KpE7-SB21 (0 5) 

ALfco #^fc^||«&CJ236£2xYTJg&T^#U 30mlcD^#^?:#fe o « 
#?g[Ef»CDCJ236JC/\;i/A- 7 T - ^M13K07£^*££ -fr, 37°C JC T 2xYTJ&ifiT? 5 R$ 
MM^«Ufe„ »b*lfe««?RS:41CtCT5000rmpT?104Maa^U, *(D±m* 
35tC4TCtCT6000rp«-eiO^|ig^&LT±ltS:»fe.' ±?»10mlfr £PEG/NaCl 
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#2 0 0 0 — 2 0 1 9 2 0 
T77-^M$ffc. m^ftfcy 7-*Jfrt>nm\Z'ft.^>X, UssDNA£l0.9,ei 
[0 0 2 4] 

( 2 ) j&^ipmdhcdt * j mmn<r>n$e. 

m& £X*lZ?U-=-ytf£ftTS. J mWtWtfm ^AHC^ot^S IPMDH& J: Tf I 
milZmlsfe&m® (a, b&V*ttb , fcJ:tfb , \ c, d£$c) lCOV*Tfi 

^■T, iti^©^«l«IS:^tJ*jK«S:j£l»S^aj^^bfc (S3) . 7*tc^ 
©^^tiftf*"? Saccharomyces cerevisiae^Nuerospora crassa© b fH^c $:.fcfcii$e 1/ 

gcDT^ J W?%&lZRX*2bZ> hti^Ufco 7^(C, Escherichia col i £ Agrobacter i 
um tumefaciens^jrbi^f -5 fc, ^.71/7 n ^Xsp.7^152#^S{C^f^-T -5 T ^ 

«©r^ yift3S3Sttrtiew-ettifts-rsrfc*«7?^«iv\*«, (0 3) 

IfHlCjfeiWOttJCfeWSg^j^-ett, fe?^©^, IP*., Saccharomyces cere 
visiae^Nuerospora cr assa^\^|&£ bT^S^T' B&kE L>ft£ O ltZ.RX*%>£> d il ifi 
Jti/i[c5tlT V"v-g> Saccharomyces cerevisiae^Nuerospora crassa, £J:£J£E 

scherichia col i tL Agrobacter ium tumef aciens£;(j[J;^fc 4 ^<Z)^®(Z)ffi^5i#/?ll 
tCfeWS^©ffiS(Z)r ^ J Bft«36ttR"P*5 ilfgjtLfco Bacillus subt 

i 1 i s© * ;i/ 7 * n -77s sp . 7|* 152#JB£tC*f j£ 157^; Sft&S iiRT'fesri: ^ 
fSM<£>4SfCBacillus subtilising 5 S©£^<Z)ffi&£#iaK:;i3^T 

5T?^$*lfc#jft#^£«'\aioT, ffl5fcS£&0>IPMDHlC;J3W'$;*;i/Jfc:7*:/*s 
P. 7«tf)152#fl:«tc*NSt- 5 7^ >>SfcS£W:RT?&<&£f§5£Lfc. 
[0 0 2 5] 
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, M9U 195, K152, G154, A259, F261, Y282tf>#7 ^ J W^M^ J: tf&StffflSfc 

152#7 * JM&mtK. 154#T^ym^S«A. 259#T ^ J Bft£&ttS, 261# 
7^ yfift^SttP, 282#T^ JWl 1 %,mtL-e%>Z>£.®:feht=. 0 
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[0 0 2 6] 

I 1 . iPMDHfc ^memoir $ J M2#l<z>v;i/^y;i/r9>f y h 







IPMDH 


89 97 150 158 256 563 280 


285 


Sulfolobus sp. strain 7 


YDM-YANLRP— IAKV&-LNFA — VHGAAEPI- 






MMIERM 




Thermus therm op hilus 


QDLFANLRP— VARVA-FE AA---VHGS APDI- 






MMLEHA 




Bacillus subtilis 


LDLFANLRP — VIREG-FKM A---VHG SAPDI 


— MLLRTS 


Escherichia coli 


FKLFSNLRP—IARIA-FESA—AGGS APDI-'- 


LLLRYS 


Agrobacterium turn e facie ns 


LELFANLRP— IASVA-FELA— VHGSAPDI— 


-MCLRYS 


Saccharomyces cerevisiae 


T r\ T "VT" A TVT T T~> Ti TT TlHf A A XT' TV K A 1"* TT O A Tl T~\ T 

LQLYANLKr — ITRMAAF-M A— CHGSAFDL 






1V1 1VL Li\Lo 




N PiirnfimnTfl fTfiQS.fi 

A 1 ! G IXX UDpUl OL LI USOU 


LGT YGNLRP---IARL AGF-L A---IHGS APDI-- 


-MMLRYS 


ICDH 


89 97 150 158 256 563 280 


285 


Saccharomyces cerevisiae 


FOT.FAN VT? P-— VTT? YA -FF1 YA — VNTtS A PDT- 

x vjr j-< x an v XI x v x xi» X *v x xii x — — — y x x vjr kj ri x xv x 






MMLNHM 




Bos Taurus(3/4) 


FDLYAN VRP— IAEFA-FE YA — VHGTAPDI-- 






MMLRHM 




Bacillus subtilis 


LD LFVC LRP-— LVRAA-ID YA-— THGTAPKY- 


--LLLEHL 


Escherichia coli 


LD LYICLRP — LVRAA-IEYA— THGTAPKY— 


MMLRHM 




xDLxANLRP— IARxAxFExA— VHGS APDI— - 


MM Lxxx 




L L R R S P L 






<aH^> <b ^ ^ > <c <di 






b' b" 





[0 0 2 7] 

mZ&.T<D}lj5W$>Z> a -?&t>%, am*&W.9zm&m (M91L£J:tfI95L) , b' 
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fifi^aiM (K152R) , b n M*£m%mwzm (gi54a) . b mmm^m^ ai 

52R£J:t>*G154A) „ cff ^ffiftM^M (A259S& J: Z>*F261P) , dtff ^fflftM^M ( 
Y282L) % a, b, c, dffi&M^M (M91L, I95U K152R, G154A, A259S, F2651P& 
J:t>*Y282L) T*&3„ 33T5\ Mx.^M91L^§^fa«91#(7)M j££ 

[0 0 2 8] 

:/9-f V-£tg8tb£ 0 ^;i/7*D^sp. 7«c©IPMDHOtft3l 

mm (BB#I##45) &tf73yMB#J (B!#J##46) £##tC LTggft Lfc (EI 

[0 0 2 9] 
a««ffl$fcM3m#AJS:79-f v-. Pi 

5' -TTTGCTGGT CTTAAG TTGGCATAAAGATCATAAATTTGTC-3' (BB#f##47) 
T»SP ttffiHSSHt Af 1 1 1 ©SMBSMfc-e & £ o 



5' -AGTTTAGCCCTACGC TCGCGA TTCTCTCAGAAGC-3' 

b"ItlBMIM#Affl^7-fY-, P3 
5 ' -AATGCAAAGTTT AGCGCT ACTTTTGCTATTC-3' 

b««ffl5fcMnfia5^Affl^9-fr-, P4 

5' -TGCAAAGTTT AGCGCT ACTCTTGCTATTCTCTC-3' 
T»fflJttEco47 III©SgttfflSffi7?&S 0 

«SMHiAffl^7^f7-, P5 

5 ' -TCCAGCAATGTCCGGAGCACTACCGTGTACTG-3' 



1 6 



(IB?[J#^48) 



(IB^J##49) 



(@H3«^50) 



(IB#!##51) 
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TJKBPttNroI©Bi»WffiT*>a. 

dM^fflft^M^Affl^-fv-, P6 

5' -TCATACATTCT CTCGAG CATCATACTTAC-3' (@2#J#-*§-52) 
<I5!I*7'J-f^h> 

fB?!J##47~52 : »S»iAfflfcfi)ffl^7^7- 
[0 0 3 0] 
(4) Kunkelj&tCiS^M^A 

^{C^oT, I2?'J##3~8 {CfB«©:/^^-£^ti^*iTE (10mM Tris- 
HC1, ImM EDTA, pH8.0) UT10pM©ig?RS:f1MR 0 fc. Z(D^^^^~m 

^3/ii-ro^u, (i) -ewe>ftfeussDNAi.5Aiii:iB^u r--y>ya 

i*£ 0 fot, ^©^M^icte, 'J >S?ft U»J#f 3 ~ 8 ©±T©^7^ 
"T-#-£**lTV*fc 0 T — -U>^tt, 10x7--U>^t»;77- (200mM 
Tris-HCU 20mM MgCl2, lOOmM DTT, pH8.0) cp, |®S20 fi HC Tff & o 
?££70 o C{C;&n^U JKV^T*&30TC*'rSSJCfli[SOT^*|ILfco 
[0 0 3 1 ] 

7 — - U >^tf)M[{C10x-S-/&^y 77- (50mM Tris-HCU 20mM MgCl2, 5 
mM dNTPs, 10mM ATP, 20mM DTT, pH7.9) £ 2 n U T4 DNAU#-1f£l /i U T4 
DNAjKU ^^-if & 1 (i \Mk.X^\Z 5#H, gfcV^TMLtC 5 #|SHtt£, 2 £ 
JC37TCtCT90#|8r>f >^a^-i/a>Ufe. SJCSStS: 4 /* 1 i: »; , *fl§®MC1061 
3>tl 0 ^> h-lr;H00/i liizS-a-L, 0°CfCT20^-ra, 421CICT 1^R8, 0°CiCT2 
#W«MSU 2xYTS«S:450^1Jn^.T37r;tCTl^lSfttttLfc. ^<Z)ig#?£l38. 
5/i l$:100^g/ml©r>tf i/U >$:^tf2xYTM#:^5mHc^?iL, -Bfcig^fC 
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M&fribTJltl U - S D S&IC <fcoT:/^*^ KDNA&0IR Lfc 0 
[0 0 3 2] 

#&*lfeDNAS:fl|V\T^:li&aMC106lS:|fa!^St«tftL, 100/ig/ml©7 > t? $/ U 

>«r^t?LB^««i±-c^jBt«gSI=in--S:SS[Lfe. iti <btf>n n 

is> *^^e>^7^^ KDNA&iajRLTiiaisasiiispfii^MSraisufc- 
iAstifefe&tf, xiiapfi tc at /s 1- & ^ ^ >r t - ic s mmi t* dna# 

[0 0 3 3] 

3<Z)£e>fCLT#e>*lfc^||{fr(Z>e>l3, (M91L^J;t>*I95L) ffiftSMtt, Kl 
52R*B5fc«H^ (G154A) ffi^MII^ (K152R33 <fc tFG154A) ffl$fcM^JI# 
, (A259Sfe«fctfF261P) ffl$fe§^M#, (Y282L) ffi$fcS!IE#S#, 

b'^Mft. b'*^M^ b^Mftu c^Mftu d3gjs#£4r£u *f/£t-£?& 

JH^* ^ Ffc-etl-^tU pE7-SB21a, pE7-SB21b\ pE7-SB21b\ pE7-SB21b, pE 
7-SB21C, pE7-SB21d£ifr;&L£o 

o 

±7&<D J: 3 JCLT»e>tlfcbcd1S«ffl$feMaE^^^^5 KpE7-SB21bcd DNA£ 
SmalT-W^rLfeo — a^Mtt"/^*^ KpE7-SB21a DNAfcXbal hEcoRIT'^J^T 
U B&fcf SBMStfn- KStlfcDNAWftf &pUC118©XbaI-EcoRI^;i,^* n- 
— >^aJttJC-9"^"^n- — KpUC118-SB21a§:#£ 0 pUC118-S 
B21a£SmaIT*-TOU ±gB©SnaI^tf bcdflg^fflSfc^Mtt^ X S KDNA£9>f 
>LTpUC118-SB21abcd;fef8fc. #C{CpUC118-SB21abcd£ <fc t>*pE7-SB21 £ 
Xba I EcoR I T? Mft L , M# $:I^IT abcdflg«ffi$fc3!3E J%# © «> <£>5§3! ^ ^ 
KpE7-SB21abcd£:f&fc 0 
pE7-SB21a, pE7-SB21b\ pE7-SB21b\ pE7-SB21b, pE7-SB21c, pE7-SB21d& «k 
PE7-SB2 1 abcdtf g 6tT il ^ 3 fflftM^ Jt# £ ;& f £ 3 h te, ^tl-?4xtC *f jC& S 



1 8 
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#200 0—2 01920 

[0 0 3 4] 

MMW 2. ^;i/7^P^Xsp. IPMDH fe J: tFfflftg! IPMDH<P*g8g 

-£T>t^>U >100Ag/ml£^tf2xYT^100mUcSlfcU — HfeJ&SILfctfc, ^£ 
tl-?tlT>tf2/U >100/ig/ml£^tU0Ltf) 2 x YT^^lCg^l L tc* 37°CfCTOD60 
0=0. 6l£ TfSSftig^U IPTGS:««F«S0.4«MJC«;* J:e>fC«lL£ 0 3StCi5»* 
£ £ 2 I$I8Mt & o £^@#£4 8 C lCT7000rpmx 10#|g©3SifrJC J: o TEUK b fc. 
ff&*lfclM^*;7 7-I (20mM Kpi, 0.5mM EDTA, pH7.0) tCjHHSf U 4°C JC 
T 7000rpm x 20# ISOjg'fr (CkoT^lfe. la^JC^CD^^y^JCAbftV^ 
<£H£, -80r^»#&«#Lfe. #£*lfc»#fcfcl9.6e"C&ofc. 
[0 0 3 5] 

EftlClmM DTT?:^tf2^icOAy77-I5:Mtl?Sbfe n ^MflSfc^W 
4 D C}CT, 30,000rpmx20^W©aiiCMCj:oT'tfc«S:l»*Lfc. _t?f£ 
75°C &C T20# WfMiffi L/ , 4"C fC T 30 , OOOrpm x 20#ra&yfr b T ft L/ fclEtt * > 

±SS^*;77 - I T¥#HtLfc|g>f *>£«:&9ADE-52lC#tt, fStiiu® 
# S: IB JR L . # *l £ U# fC fi^SS 1M i: & 3 J: ? (C3M^g? (AS) 

mm^M^rcizrmmmMU^ 41c. 3o,ooorp«x2o^ia©3S^tcj:oTtfcjR 

Toyoperl 650s#^ AJCji U AS^lM-> 0 MCDff^^gHlC J: o T * ft 

A^77-II (20mM CHES/K0H, 0.5mM EDTA, pH9.3) IZM U T^^f b £ 0 
[0 0 3 6] 

JS#f ^ tf> 9y*9 & , A*7 77-IIt ¥*-ft L fe l£>f * > 7ARe 

source Q#^A{Cfr#, KCl^^OM - >0. lMOtt^^JSHT* * > A * ft U 
fe 0 W&tlfe^W^S:*^ Ay 7T-ItCj^LT38«f LSDS-PAGEIC «fcoTjitlS«: 
ffilfgLfco SDS-PAGEiC iot|- A> K#M83 ftfc®#&&ATCetnriprep30 
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&/av^lnw/"HCST?»iRSLfc. BSA&«!|I£: LT, PIERCE 

*±tf)BCA Protein Assay Reagent Kit&Jg^T$!l;£ L£ 0 W §g|£5l 2 iC^i* 

o 



[*2] 













«s 






(%) 


(mg) 


(U/mg) 


(ffiF») 








2278.3 








34.74 


100.0 


230.5 


0.15 


1.00 


DE-52 


33.93 


97.7 


80.67 


0.42 


2.80 


Zf A> - 


33.72 


97.1 


7.12 


5.02 


33.47 


Toyopearl 












ResourceQ 


15.05 


43.3 


1.60 


11.00 


73.33 



[0 0 3 7] 

HflfefflJ 3 . 7, 7 * P -7* s P . g) IPMDH& J: l>* IB&M IPMDHCPjjTOM 
^;i/7*n^sp.IPMDH©WJ»ttttpH7.0"ett^StClSv^©"e, 9910 7? 

# t 0 afttt © f n v tc . 

c U>ilA!J'?AA9 7 7- (20mM KHP04. 0.5mM EDTA, ImM DTT, pH7.0) &/§ 
V*T, b\ b\ b, c, d^#K:3V%TJi*>/1*£tiR£0.25«e/ml, abcd^Mtt 
tCoV^Ttt*>^^KjaSl.0«g/mli:LTBP3RiS?RS:WKLfe. 5c^MIPMDHJC 
O V % T % * > A * ft&gO . 25mg/m 1 * fcfc 1 . Omg/m 1 £ & -5 J; IC Bmm%L £ MWk 

Lfco z.ftt><DBmmm*99°ciz&^T. io#r^ 2o#ra, so#ra, 6o#ia, 12 

Ofma&fltJl&l/fc. Mft. **tC5#H&«U 12,000rmp, 4 n JCT20#RJ 
3Si&LT±»S:iaJRLfc. #_tmiO a 1 £M ^Xfe\tWfe* #*>^tc 
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[0 0 3 8] 

^3. ^MlPMDHfc J:tfb\ b\ b. dgEM#0>¥a*8Bfc*fcfStt 



14 


T W (#) 


ttffitt(u/mg) 


*-7±xi-f* IPMDH 


10. 1 


11.0 




15.8 


11.0 




13.1 


10. 9 


b^M# 


12.8 


14.7 




16. 4 


17.5 


d^M# 


16.7 


11.6 


[0 0 3 9] 






[^4] 






^4. ^S^IPMDHfcitFabcd^J 






T U2 (#) 




^ y± u z?* sp.^^gj IPMDH 


15.3 


11.0 


abcd^ft: 


2 3.7 


11. 0 



[0 0 4 0] 

itie>©jK^e>, b\ b\ b % c, d£ j:^abcd^#©VN-rtL=t^M{CJt 
HilLTWSatt^^LTV^S^ii^W&^Kl^-ofe. b' , b\ d^MflUC 

[0 0 4 1 ] 
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[0 0 4 2] 

SEQUENCE LISTING 



<110> Aj inomoto Co. Inc. 

<120> A method for improving the thermostability of proteins, 
a protein having improved thermostability and a nucleic 
acid sequence encoding the protein 

<130> Y1H0411 

<140> 
<141> 

<160> 52 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 9 
<212> PRT 

<213> Sulfolobus sp. 
<400> 1 



££E# 2001-3020725 



#2000—201920 



Tyr Asp Met Tyr Ala Asn He Arg Pro 

1 5 



<210> 2 
<211> 9 
<212> PRT 

<213> Sulfolobus sp. 
<400> 2 

He Ala Lys Val Gly Leu Asn Phe Ala 

1 5 



<210> 3 
<211> 8 
<212> PRT 

<213> Sulfolobus sp. 
<400> 3 

Val His Gly Ala Ala Phe Asp He 

1 5 



<210> 4 
<211> 6 
<212> PRT 

<213> Sulfolobus sp. 

2 3 &fiE# 2001-3020725 



#2000—201920 



<400> 4 

Met Met Tyr Glu Arg Met 

1 5 



<210> 5 
<211> 9 
<212> PRT 

<213> Thermus thermophilus 
<400> 5 

Gin Asp Leu Phe Ala Asn Leu Arg Pro 

1 5 



<210> 6 
<211> 9 
<212> PRT 

<213> Thermus thermophilus 
<400> 6 

Val Ala Arg Val Ala Phe Glu Ala Ala 

1 5 



<210> 7 
<211> 8 
<212> PRT 

<213> Thermus thermophilus 

2 4 HJSE# 2001-3020725 
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<400> 7 

Val His Gly Ser Ala Pro Asp lie 

1 5 

<210> 8 
<211> 6 
<212> PRT 

<213> Thermus thermophi lus 
<400> 8 

Met Met Leu Glu His Ala 
1 5 

<210> 9 
<211> 9 
<212> PRT 

<213> Bacillus subtil is 
<400> 9 

Leu Asp Leu Phe Ala Asn Leu Arg Pro 
1 5 

<210> 10 
<211> 9 
<212> PRT 

2 5 ffiliE#2 0 0 1 - 3 0 2 0 7 2 5 
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<213> Bacillus subtil is 
<400> 10 

Val He Arg Glu Gly Phe Lys Met Ala 
1 5 

<210> 11 
<211> 8 
<212> PRT 

<213> Bacillus subtil is 
<400> 11 

Val His Gly Ser Ala Pro Asp He 
1 5 

<210> 12 
<211> 6 
<212> PRT 

<213> Bacillus subtil is 
<400> 12 

Met Leu Leu Arg Thr Ser 

1 5 

<210> 13 
<211> 9 

2 6 ffiSE^F 2001-3020725 
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<212> PRT 

<213> Escherichia coli 
<400> 13 

Phe Lys Leu Phe Ser Asn Leu Arg Pro 
1 5 

<210> 14 
<211> 9 
<212> PRT 

<213> Escherichia coli 
<400> 14 

He Ala Arg He Ala Phe Glu Ser Ala 
1 5 

<210> 15 
<211> 8 
<212> PRT 

<213> Escherichia coli 
<400> 15 

Ala Gly Gly Ser Ala Pro Asp He 
1 5 

<210> 16 

2 7 miiE#2 0 0 1 - 3 0 2 0 7 2 5 
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<211> 6 
<212> PRT 

<213> Escherichia coli 
<400> 16 

Leu Leu Leu Arg Tyr Ser 

1 5 

<210> 17 
<211> 9 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 17 

Leu Glu Leu Phe Ala Asn Leu Arg Pro 
1 5 



<210> 18 
<211> 9 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 18 

He Ala Ser Val Ala Phe Glu Leu Ala 
1 5 



ffi!E4$ 2001-3020725 
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<210> 19 

<211> 8 

<212> PRT 

<213> Agrobacter ium tumefaciens 

<400> 19 

Val His Gly Ser Ala Pro Asp He 

1 5 

<210> 20 
<211> 6 
<212> PRT 

<213> Agrobacterium tumefaciens 
<400> 20 

Met Cys Leu Arg Tyr Ser 
15 

<210> 21 
<211> 9 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 21 

Leu Gin Leu Tyr Ala Asn Leu Arg Pro 
1 5 

2 9 2001-3020725 
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<210> 22 

<211> 9 

<212> PRT 

<213> Saccharomyces cerevisiae 

<400> 22 

He Thr Arg Met Ala Ala Phe Met Ala 

1 5 

<210> 23 
<211> 8 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 23 

Cys His Gly Ser Ala Pro Asp Leu 
1 5 

<210> 24 
<211> 6 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 24 

Met Met Leu Lys Leu Ser 
1 5 

3 0 2001-3020725 
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<210> 25 
<211> 9 
<212> PRT 

<213> Neurospora crassa 
<400> 25 

Leu Gly Thr Tyr Gly Asn Leu Arg Pro 

1 5 

<210> 26 
<211> 9 
<212> PRT 

<213> Neurospora crassa 
<400> 26 

He Ala Arg Leu Ala Gly Phe Leu Ala 

1 5 

<210> 27 
<211> 8 
<212> PRT 

<213> Neurospora crassa 
<400> 27 

He His Gly Ser Ala Pro Asp He 

3 1 ffi|I#2 0 0 1 - 3 0 2 0 7 2 5 



#2-0 0 0-2 0 1 9 2 0 

ri 1 ' 

5 



<210> 28 
<211> 6 
<212> PRT 

<213> Neurospora crassa 
<400> 28 

Met Met Leu Arg Tyr Ser 

1 5 



<210> 29 
<211> 9 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 29 

Phe Gly Leu Phe Ala Asn Val Arg Pro 
1 5 



<210> 30 
<211> 9 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 30 

3 2 ffiMf 2001-3020725 




#2 0 0 0 — 2 0 1 9 2 0 

Val lie Arg Tyr Ala Phe Glu Tyr Ala 

1 5 



<210> 31 
<211> 8 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 31 

Val His Gly Ser Ala Pro Asp He 
1 5 

<210> 32 
<211> 6 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 32 

Met Met Leu Asn His Met 
1 5 



<210> 33 
<211> 9 
<212> PRT 
<213> Bos taurus 

3 3 2001-3020725 



#2000—201920 

<400> 33 

Phe Asp Leu Tyr Ala Asn Val Arg Pro 

1 5 

<210> 34 
<211> 9 
<212> PRT 
<213> Bos taurus 

<400> 34 

He Ala Glu Phe Ala Phe Glu Tyr Ala 

1 5 

<210> 35 
<211> 8 
<212> PRT 
<213> Bos taurus 

<400> 35 

Val His Gly Ser Ala Pro Asp He 
1 5 

<210> 36 
<211> 6 
<212> PRT 
<213> Bos taurus 

3 4 ffiSE#2 0 0 1 - 3 0 2 0 7 2 5 
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<400> 36 

Met Met Leu Arg His Met 

1 5 

<210> 37 
<211> 9 
<212> PRT 

<213> Bacillus subtil is 
<400> 37 

Leu Asp Leu Phe Val Cys Leu Arg Pro 

1 5 

<210> 38 
<211> 9 
<212> PRT 

<213> Bacillus subtil is 
<400> 38 

Leu Val Arg Ala Ala He Asp Tyr Ala 

. 1 5 

<210> 39 
<211> 8 
<212> PRT 

3 5 ffi!iE# 2001-3020725 
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<213> Bacillus subtil is 
<400> 39 

Thr His Gly Thr Ala Pro Lys Tyr 
1 5 

<210> 40 
<211> 6 
<212> PRT 

<213> Bacillus subtil is 
<400> 40 

Leu Leu Leu Glu His Leu 

1 5 

<210> 41 
<211> 9 
<212> PRT 

<213> Escherichia coli 
<400> 41 

Leu Asp Leu Tyr He Cys Leu Arg Pro 
1 5 

<210> 42 
<211> 9 

3 6 ffiSE# 2001-3020725 
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<212> PRT 

<213> Escherichia coli 
<400> 42 

Leu Val Arg Ala Ala He Glu Tyr Ala 
1 5 

<210> 43 
<211> 8 
<212> PRT 

<213> Escherichia coli 
<400> 43 

Thr His Gly Thr Ala Pro Lys Tyr 
1 5 

<210> 44 
<211> 6 
<212> PRT 

<213> Escherichia coli 
<400> 44 

Met Met Leu Arg His Met 
1 5 

<210> 45 

3 7 £fci5E#2 0 0 1 - 3 0 2 0 7 2 5 



#2000-201920 



<211> 1014 
<212> DNA 

<213> Sulfolobus sp. 

<220> 

<221> CDS 

<222> (1) . . (1011) 

<400> 45 

atg ggc ttt act gtt get tta ata caa gga gat gga att gga cca gaa 48 

Met Gly Phe Thr Val Ala Leu He Gin Gly Asp Gly He Gly Pro Glu 
1 5 10 15 

ata gta tct aaa tct aag aga ata tta gec aaa ata aat gag ctt tat 96 
He Val Ser Lys Ser Lys Arg He Leu Ala Lys He Asn Glu Leu Tyr 
20 25 30 

tct ttg cct ate gaa tat att gaa gta gaa get ggt gat cgt gca ttg 144 
Ser Leu Pro He Glu Tyr He Glu Val Glu Ala Gly Asp Arg Ala Leu 

35 40 45 

gca aga tat ggt gaa gca ttg cca aaa gat age tta aaa ate att gat 192 
Ala Arg Tyr Gly Glu Ala Leu Pro Lys Asp Ser Leu Lys He He Asp 

50 55 60 

aag gee gat ata att ttg aaa ggt cca gta gga gaa tec get gca gac 240 
Lys Ala Asp lie lie Leu Lys Gly Pro Val Gly Glu Ser Ala Ala Asp 

65 70 75 80 

3 8 &SE#2 0 0 1 - 3 0 2 0 7 2 5 
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gtt gtt gtc aag tta aga caa att tat gat atg tat gcc aat att aga 288 
Val Val Val Lys Leu Arg Gin He Tyr Asp Met Tyr Ala Asn He Arg 

85 90 95 

cca gca aag tct ate ccg gga ata gat act aaa tat ggt aat gtt gat 336 
Pro Ala Lys Ser He Pro Gly He Asp Thr Lys Tyr Gly Asn Val Asp 

100 105 110 

ata ctt ata gtg aga gaa aat act gag gat tta tac aaa ggt ttt gaa 384 
He Leu He Val Arg Glu Asn Thr Glu Asp Leu Tyr Lys Gly Phe Glu 

115 120 125 

cat att gtt tct gat gga gta gcc gtt ggc atg aaa ate ata act aga 432 
His He Val Ser Asp Gly Val Ala Val Gly Met Lys He He Thr Arg 
130 135 140 

ttt get tct gag aga ata gca aaa gta ggg eta aac ttt gca tta aga 480 
Phe Ala Ser Glu Arg He Ala Lys Val Gly Leu Asn Phe Ala Leu Arg 
145 150 155 160 

agg aga aag aaa gta act tgt gtt cat aag get aac gta atg aga att 528 
Arg Arg Lys Lys Val Thr Cys Val His Lys Ala Asn Val Met Arg He 
165 170 175 

act gat ggt tta ttc get gaa gca tgc aga tct gta tta aaa gga aaa 576 
Thr Asp Gly Leu Phe Ala Glu Ala Cys Arg Ser Val Leu Lys Gly Lys 

180 185 , 190 

gta gaa tat tea gaa atg tat gta gac gca gca gcg get aat tta gta 624 

3 9 2001-3020725 
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Val Glu Tyr Ser Glu Met Tyr Val Asp Ala Ala Ala Ala Asn Leu Val 

195 200 205 

aga aat cct caa atg ttt gat gta att gta act gag aac gta tat gga 672 
Arg Asn Pro Gin Met Phe Asp Val He Val Thr Glu Asn Val Tyr Gly 

210 215 220 



gac att tta agt gac gaa get agt caa att gcg ggt agt tta ggt ata 720 

Asp He Leu Ser Asp Glu Ala Ser Gin He Ala Gly Ser Leu Gly lie 

225 230 235 240 

gca ccc tct gcg aat ata gga gat aaa aaa get tta ttt gaa cca gta 768 

Ala Pro Ser Ala Asn He Gly Asp Lys Lys Ala Leu Phe Glu Pro Val 

245 250 255 

cac ggt gca gcg ttt gac att get gga aag aat ata ggt aat ccc act 816 

His Gly Ala Ala Phe Asp He Ala Gly Lys Asn He Gly Asn Pro Thr 

260 265 270 

gca ttt tta ctt tct gta agt atg atg tat gaa aga atg tat gag eta 864 

Ala Phe Leu Leu Ser Val Ser Met Met Tyr Glu Arg Met Tyr Glu Leu 

275 280 285 



tct aat gac gat aga tat ata aaa get tea aga get tta gaa aac get 912 
Ser Asn Asp Asp Arg Tyr He Lys Ala Ser Arg Ala Leu Glu Asn Ala 

290 295 300 



ata tac tta gtc tac aaa gag aga aaa gcg tta ace cca gat gta ggt 960 
He Tyr Leu Val Tyr Lys Glu Arg Lys Ala Leu Thr Pro Asp Val Gly 
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305 



310 



315 



320 



ggt aat gcg aca act gat gac tta ata aat gaa att tat aat aag eta 1008 
Gly Asn Ala Thr Thr Asp Asp Leu He Asn Glu He Tyr Asn Lys Leu 

325 330 335 



ggc taa 
Gly 



1014 



<210> 46 
<211> 337 
<212> PRT 

<213> Sulfolobus sp. 
<400> 46 

Met Gly Phe Thr Val Ala Leu He Gin Gly Asp Gly He Gly Pro Glu 
1 5 10 15 

He Val Ser Lys Ser Lys Arg He Leu Ala Lys He Asn Glu Leu Tyr 
20 25 30 

Ser Leu Pro He Glu Tyr He Glu Val Glu Ala Gly Asp Arg Ala Leu 

35 40 45 

Ala Arg Tyr Gly Glu Ala Leu Pro Lys Asp Ser Leu Lys He He Asp 
50 55 60 



Lys Ala Asp 



He He Leu Lys Gly Pro Val Gly Glu Ser Ala Ala Asp 

4 1 2001-3020725 
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65 70 75 80 

Val Val Val Lys Leu Arg Gin He Tyr Asp Met Tyr Ala Asn He Arg 

85 90 95 

Pro Ala Lys Ser He Pro Gly He Asp Thr Lys Tyr Gly Asn Val Asp 
100 105 110 

lie Leu lie Val Arg Glu Asn Thr Glu Asp Leu Tyr Lys Gly Phe Glu 
115 120 125 

His He Val Ser Asp Gly Val Ala Val Gly Met Lys He He Thr Arg 
130 135 140 

Phe Ala Ser Glu Arg He Ala Lys Val Gly Leu Asn Phe Ala Leu Arg 
145 150 155 160 

Arg Arg Lys Lys Val Thr Cys Val His Lys Ala Asn Val Met Arg lie 
165 170 175 

Thr Asp Gly Leu Phe Ala Glu Ala Cys Arg Ser Val Leu Lys Gly Lys 
180 185 190 

Val Glu Tyr Ser Glu Met Tyr Val Asp Ala Ala Ala Ala Asn Leu Val 
195 200 205 

Arg Asn Pro Gin Met Phe Asp Val lie Val Thr Glu Asn Val Tyr Gly 

210 215 220 
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Asp He Leu Ser Asp Glu Ala Ser Gin He Ala Gly Ser Leu Gly He 

225 230 235 240 

Ala Pro Ser Ala Asn He Gly Asp Lys Lys Ala Leu Phe Glu Pro Val 

245 250 255 

His Gly Ala Ala Phe Asp He Ala Gly Lys Asn He Gly Asn Pro Thr 

260 265 270 

Ala Phe Leu Leu Ser Val Ser Met Met Tyr Glu Arg Met Tyr Glu Leu 

275 280 285 

Ser Asn Asp Asp Arg Tyr He Lys Ala Ser Arg Ala Leu Glu Asn Ala 

290 295 - 300 

He Tyr Leu Val Tyr Lys Glu Arg Lys Ala Leu Thr Pro Asp Val Gly 

305 310 315 320 

Gly Asn Ala Thr Thr Asp Asp Leu He Asn Glu He Tyr Asn Lys Leu 

325 330 335 

Gly 



<210> 47 
<211> 40 
<212> DNA 

4 3 2001-3020725 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 47 

tttgctggtc ttaagttggc ataaagatca taaatttgtc 40 

<210> 48 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 48 

agtttagccc tacgctcgcg attctctcag aagc 34 

<210> 49 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 49 

aatgcaaagt ttagcgctac ttttgctatt c 31 



<210> 50 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 50 

tgcaaagttt agcgctactc ttgctattct etc 33 



<210> 51 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 



mii#2 0 0 1 
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<400> 51 

tccagcaatg tccggagcac taccgtgtac tg 32 



<210> 52 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 52 

tcatacattc tctcgagcat catacttac . 29 

[hi] 

16S rRNAOJt^lCjiS^JKSJS:^^. 
[02] 

«*©£&aS3fc®IPMDH;J3 J:tfICDH©r ^ J WMW(»~* )\>"f- 7 frY =y -Y V * 
[03] 

i pmdh & <fc xf i cm<D m mtm ic * o t mm 3 n £ m z m -r . 

[04] 

Sulforobus sp.7*fc©152#&£0)ii'fb3:a*"*\ 
[0 5] 

pE7-SB21©MBB@Pf?i*fi0S:^t\ pE7-SB2mfgJE/<? # -pET21ctf)NdeI-EcoEI 
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fc^-T : N:Nde I, Sm:Sma I, E:EcoR I, E 4? :Eco47 III, B:Bgl II, Xb:Xba I, 
H:Hind III, Xh:Xho I, M:Mro I 
[06] 

turn 

[H8] 

: N:Nde I, Sm:Sma I, ErEcoR I, E 47 :Eco47III, B:BglII, X b :Xba I, 
H:Hind III, Xh:XhoI, M:Mro I, Na:Nae I, Sa:Sal I 
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» • 

mm&i mm 

CH13 



.5 Ha>H'J7' 55 -| 



-->7y/t^^U7 65- 
-Thermus 75 



J*fe#eJK}t&fi£$8g 60 
^Thermotoga 80 
Aquifex 85 

Sulfohbus 80 
-jtyrodictium 1 05 

ihermoproteus 88 
~Thermococcus 88 
■Jtethanococcus 88 
Thermoplasma 60 

.;&S#«g55 
Methanosarcina 40 
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[06] 

atg ggc ttt act gtt get tta ata caa gga gat gga att gga cca gaa 48 

Met Gly Phe Thr Val Ala Leu lie Gin Gly Asp Gly lie Gly Pro Glu 16 

ata gta tct aaa tct aag aga ata tta gec aaa ata aat gag ctt tat 96 

He Val Ser Lys Ser Lys Arg Tie Leu Ala Lys lie Asn Glu Leu Tyr 32 

tct ttg cct ate gaa tat att gaa gta gaa get ggt gat cgt gca ttg 144 

Ser Leu Pro lie Glu Tyr He Glu Val Glu Ala Gly Asp Arg Ala Leu 48 

gca aga tat ggt gaa gca ttg cca aaa gat age tta aaa ate att gat 192 

Ala Arg Tyr Gly Glu Ala Leu Pro Lys Asp Ser Leu Lys lie He Asp 64 

aag gec gat ata att ttg aaa ggt cca gta gga gaa tec get gca gac 240 

Lys Ala Asp lie He Leu Lys Gly Pro Val Gly Glu Ser Ala Ala Asp 80 

->r pi r =— y ^ rmm 

gtt gtt gtc aag tta a^|:£^ 288 

Val Val Val Lys Leu a£&;;|^ 96 

pp$c^S|^g tct ate ccg gga ata gat act aaa tat ggt aat gtt gat 336 

!^IS8 S Ser Tle Pro G1 y Ile Asp Thr Lys Tyr Gly Asn Val Asp 112 

ata ctt ata gtg aga gaa aat act gag gat tta tac aaa ggt ttt gaa 384 

tie Leu Ile Val Arg Glu Asn Thr Glu Asp Leu Tyr Lys Gly Phe Glu 128 

cat att gtt tct gat gga gta gec gtt ggc atg aaa ate ata act aga 432 

His He Val Scr Asp Gly Val Ala Val Gly Met Lys He Ile Thr Arg 144 

ttt get tct tta aga 480 

Phe Ala Ser '^^^^^^^^^^^^W^^^^^^^^M Leu Arg 160 

agg aga aag aaa gta act tgt gtt cat aag get aac gta atg aga att 528 

Arg Arg Lys Lys Val Thr Cys Val His Lys Ala Asn Val Met Arg Ile 176 

act gat ggt tta ttc get gaa gca tgc aga tct gta tta aaa gga aaa 576 

Thr Asp Gly Leu Phe Ala Glu Ala Cys Arg Ser Val Leu Lys Gly Lys 192 

gta gaa tat tea gaa atg tat gta gac gca gca gcg get aat tta gta 624 

Val Glu Tyr Ser Glu Met Tyr Val Asp Ala Ala Ala Ala Asn Leu Val 208 
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aga aat cct caa atg ttt gat gta att gta act gag aac gta tat gga 672 

Arg Asn Pro Gin Met. Phe Asp Val He Val Thr Glu Asn Val Tyr Gly 224 

gac att tta agt gac gaa get agt caa att gcg ggt agt tta ggt ata 720 

Asp lie Leu Ser Asp Glu Ala Ser Gin He Ala Gly Ser Leu Gly He 240 

gca ccc tct gcg aat ata gga gat aaa aaa get tta ttt gaa ctS^^tgi 768 

Ala Pro Ser Ala Asn lie Cly Asp Lys Lys Ala Leu Phe Glu P^^t; 256 

)^-'^0~^^^^M^.3^^. aag aat ata ggt aat ccc act 816 

H!^G&;W#^'M Lys Asn He Gly Asn Pro Thr 272 

-r-P6 V ^SSisS 

gca ttt tta ctt tct ^Biifii^^BBSiIpi^8ill§iB g cta 864 

Ala Phe Leu Leu Ser ^^^^^M^^^S^S^^^^SBM 11 ,eu 288 

tct aat gac gat aga tat ata aaa get tea aga get tta gaa aac get 912 

Scr Asn Asp Asp Arg Tyr Ilo Lys Ala Ser Arg Ala Leu Glu Asn Ala 304 

ata tac tta gtc tac aaa gag aga aaa gcg tta ace cca gat gta ggt 960 

He Tyr Leu Val Tyr Lys Glu Arg Lys Ala Leu Thr Pro Asp Val Gly 320 

ggt aat gcg aca act gat gac tta ata aat gaa att tat aat aag cta 1008 

Gly Asn Ala Thr Thr Asp Asp Leu He Asn Glu He Tyr Asn Lys Leu 336 

ggc taa 1014 
Gly 
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